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(54) AHAS-inhltritIng herbicide resistant wheat and method for selection thereof 

(57) This invention is directed to a screening 
method for the selection of mutations which confer ace- 
tohydroxyadd synthase (AHAS) inhibiting hertsicide 
resistance to wheat. After mutagenesis of wheat seeds, 
the seeds are soaked in an AHAS inhik)iting heft>icide- 
containing solution containing a particular class of 
AHAS inhibiting hert>icide. After planting, the soil con- 
taining the seeds is sprayed with an AHAS inhibiting 
herbicide of the same da^ as that used in the seed 
soak step prior to the emergence of the seedlings from 
the soil. Those wheat seedlings which emerge and are 
normal in appearance demonstrate resistance to the 
class of AHAS inhibiting herbicides used in the seed 
soak and spraying steps. This invention is also directed 
to the wheat selections and seeds identified by the 
screening method. 
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FIELD OF THE INVgMTiOM 

5 10001] This invention relates to the use of a screening method for the selection of mutations whtch confer acetohy- 
drcocy actd synthase inhibiting heibickJe resistance to wheat. This invention also relates to the r^istant virheat devel- 
oped by thia met^^. 

BACKGRQUiMD OF THE IMVEfsmON 

10 

[0002] The first enzymatic st^ common to the biosynth^is in plants of the branched c^in amino actte (\^ine, leu- 
cine and isolajcine) is catalyzed by the enzyme acetohydroxyadd synthase (AHAS: al^ \mm\ as acetolactate syn- 
t^se; E.C.4.1.3.18). AHAS catalyzes two parallel ructions: condensation of two moles of pyruvate to give ris® to 
acetolactate. and condensation of a nfu>ie of ^uvate and a mole of atpha ketobutyrate to yield acatohydrootybutyrate. 
75 This enzyme is Inhibited by the end products of the pathway (valine, leucine and isoleudne) and t^s Is one of ^e E^no^ 
mechanisms of regulation of this pathway in higher plants. 

[0003] AHAS is the target site of several dass^ of structurally unrelated herfaiddos. These herkMctd^ indude flie 
imtdazolinones, the sulfamoylureas, the sutfonylcartxixarTrdes, the sutfbnamtdes and the sulfonylureas. 
[0004] Large scale commerdal agriculture relies h^ivily on row-crop production practices. The availeS»lfty of herbi- 
20 ctdes which selectively eliminate problem weeds white leaving crop plants undanmged is a rmjor enabling component 
of these practices. Herbidd^ which contrd the rtajority of problem weeds are available for mo^ csc^ The 
afore-m^oned AHAS inhibiting hertnddes are a key dement in weed control. These same herbictdes, however, may 
miss important weeds in c&tain niche aop production areas. Also, curr^ly ised herbicKJes nay hav® ecological proS>> 
lems or cost constraints attached to their usa 

26 

SUMMARY QF THK INVENTION 

[0005] There is a need to develop varieties of wheat which are resistant to AHAS inhibiting herbsctdea Tho devete^ 
ment of such resistant varieties woutd permit wheat growers to use the AHAS inhibiting herbidd^. whose ise results 
so in reduced application rat^, reduced ground water contamination and reduced animal toodcity when compared to other 
classy of hert»dd^. 

[0003] Accordingly, it is an object of this invention to develop a screening method for the selection of mutations which 
confer AHAS inhibiting resistance to wh^t. 

[0007] It is a particular object of this invention to develop a screening method for the selection of mutations wf^di con- 

ss fer AHAS inhibiting imtdazolinone hertJidde resistance to wheat 

[OOt^] It is an additional object of this objection to identify wheat selections tdentrfied by the novel screening me^tod. 
[0009] These objects are accomplished by mut&genizing wheat seeds with a chemical nuitagen. In a first screening 
st^. seecte are soaked in an AHAS Inhibiting h&bictde-containing solution. In a second screening step after pl&n^, 
soil containing the seeds is sprayed with an AHAS inhibiting herbicide prior to the emerg^ce o7 seedling from the soil. 

w Those wheat seedlings which em&'ge demonstrate resistance to AHAS irthibiting herbicides. 

BRIEF DESCRIPTION OF THE DRAWIhJGS 

[001 0] Note: The chemical nam^ of the trademarked herbiddes and Compound Numbers in this Brief Description of 
^ the Drawings are set forth in the Detailed Descriptk>n of the Invention portion of this application. 

Figure 1 depicts the effect of inaeasing the conc^itration of the imidazolinone herbicide SCEPTER™ upon the 
ratio of the numb^ of plants which have a normal appearance versus the rrumber of seeds scmked tn an imtda- 
zolinone herbicide-containing solution. 
so Figure 2 depicts the effect of ina^sing the concentration of the imtdazolinone herbicide PURSUIT™ upon the ratio 
of the number of plants which have a nornnal appeararK:e versus the number of seeds soaked in an imidazolinone 
h6rt>ictde-containing solution. 

Figure 3 depicts the effect of increasing the concentration of the imidazolinone herbicide ARSENAL™ upon the ratk> 
of the number of plants which have a nornoa) appearance versus the number of seeds soaked in an imtdazolinone 
55 herbictde-containing solution. 

Rgure 4 artd 5 depict the appearance of imidazolinone herbicide-resistant wheat treated with a seed soak plis 
pre-emergent ^ray containing PURSUIT™, comj^red with untreated, non-resstant wheat. The resistant wh^ is 
in the left-most flat in Figure 4; the resistant wheat is in the middle flat in Figure 5. 
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Rgure 6 depicts the appearance off wheat grown from M3 ceedlingG, which are progeny of FS4. 

Figure 7 depicts a comparison of plant height (in cm.) of wild-type wheat (Fidel) versus bulked M3-M4 seed from 

FS1 four weeks after post-emergence treatment with ARSENAL^. 

Figure 8 depicts a comparison of plant height (in cm.) of wild-type wheat (Fidel) versus bulked M3-M4 seed from 
5 FS1 four weeks after post-emergence treatment with OUSP^. 

Figure 9 depicts a comparison of plant height (in on.) of wild-type wheat (Fidel) versus bulked fA^-M^ seed from 
FS1 four weeks after post-emergence treatment with PURSUIT*". 

Rgure 10 depicts a comparison of plant height On cm.) of wild-type wheat (Fdel) versus biiked M3-M4 seed from 
FS1 four weeks after post-emergence treatment with SCEPTER™. 
70 Rgure 1 0a d^icts a comparison of plant height (in cm.) of wild-type wheat (Fidel) versus bulked M3-M4 seed from 
FS1 four weeks after post-emergence treatment with Compound 2. 

Rgure 1 1 depicts a comparison of growth (as a percentage of control plants) of wild-type wheat (FideO versus the 

M4 wheat mutants from FS2 and FS4 four weeks after pre-emergent treatment with SCEPTER™. 

Rgure 12 depicts a comparison of growth (as a percentage d control plants) of wild-type wheat (Fdel) versus the 

75 M4 wheat mutants from FS2 and FS4 four weeks after pre-emergent treatment with ARSENAL™. 

Rgure 13 depicts a comparison of growth (as a percentage of control plants) wid-type wheat (FideO versus the 
M4 wheat mutants from FS2 and FS4 four weeks after pre-emergent treatment with PURSUrpM. 
Figure 14 depicts a comparison of growth (as a percentage of control plants) of wild type wheat (Fidel) versus the 
M4 wheat nujtants from FS2 and FS4 four weeks after pre-emergent treatment with an imidazolinone hert)ickie, 

20 Compound 2. 

Figure 15 depicts a comparison of growth (as a percentage of control plants) of wild-type wheat (FideQ versus the 

M4 wheat mutants from FS2 and FS4 two weeks after post-mergence treatment with PURSUIT™. 

Rgure 16 depicts a comparison of growth (as a percentage of control plants) of wild-type wheat (Fdel) versus the 

M4 wheat mutants from FS2 and FS4 four weeks after post-emergence treatment with PURSUIT™. 
26 Rgure 1 7 depicts a comparison of growth (as a percentage of control plants) of wid-type wheat (FdeO versus the 

M4 wheat mutants from FS2 and FS4 two weeks after post-emergence treatment with Compouid 2. 

Figure 18 depicts a comparison of growth (as a percerttage of control plants) of wid-type wheat (FdeQ versus the 

M4 wheat nuitants from FS2 ard FS4 four weeks after post-emergence treatment with Compound 2. 

Figure 1 9 depicts a comparison of shoot fresh weight (as a percentage of control plants) of wild-type wheat (Rdel) 
30 versus the M4 wheat mutants from FS2 and FS4 seven weeks after post-emergence treatment with PURSUIT™. 

Figure 20 depicts a comparison of shoot fresh weight (as a percentage of control plants) of wfld-type wheat (Rdel) 

versus the M4 wheat mutants from FS2 and FS4 seven weeks after post-emergence treatment with Compound 2. 

Figure 21 depicts a comparison of plant growth (in cm.) of wid-type wheat (Fdel) versus the FS2 mutant from 

bulked M3 - M4 seed four weeks after post-emergence treatment with CLASSIC™. 
35 Figure 22 depicts a comparison of plant growth (in cm.) of wid-type wheat (FdeO versus the FS2 mutant from 

bulked M3 - M4 seed four weeks after post-emergence treatment with a sultonyturea heit>dde. OUST™. 

Figure 23 depicts a comparison of plant growth (in cm.) of wid-type wheat (Rdel) versus the F2 nuitant from bulked 

M3 - M4 seed four weeks after post-emergence treatment with a suMamoylurea herbicide, Compound 3. 

Figure 24 depicts a con^ison of plant growth (in cm.) of wid-type wheat (Rdel) versus the F2 mutant from bulked 
^ Ms - M4 seed four weeks after post-emergence treatment wHh a sulfonylurea herfofode. B£AC0f4™. 

Rgure 25 depicts a comparison of plant growth fin cm.) of wild-type wheat (Rdel) versus the Fg mutant from bulked 

M3 - M4 seed four weeks after post-emergence treatment with a sulfonylcarboxamde herbicide. Compound 1 . 

Figure 26 depicts a comparison of plant growth (in cm.) of wild-type wheat (Rdel) versus the Fg mutant from bulked 

M3 • M4 seed four weeks after post-emergence treatment with an imdazdinone herbicde, Compound 7. 
46 Figure 27 depicts a comparison of plant height (in cm.) of wid-type v*^eat (Fdel) versus the M4 wheat mutants from 

FSI. FS2 and FS4 three weeks after post-emergence treatment with PURSUIT™. Conrpound 2 or an imida- 

2X)linone hertycde, Compourd 8. 

Figure 28 depicts a comparison of plant height (in cm.) of wid-iype wheat (Fdel) versus the M4 wheat mutants from 
FSI , FS2 and FS4 six weeks after post-emergence treatment with PURSUIT™. Compound 2 or Compound 8. 
30 Figure 29 depicts a comparison of the yied (as a percentage of control plants) of wild-type wheat (Rdel) versus the 
M4 wheat mutantB from FSI , FS2 and FS4 ten weeks after poet-emergence treatment with PURSUIT™, Conpoud 
2 or Compound 8. 

Figure 30 depicts a comparison of growth (as a percentage of control plants) of wid-type wheat (FdeQ versus the 
M5 wheat mutants from FS4 six weeks after post-enrorgence treatment with PURSUIT™. Compound 2, Conpouxj 
s$ 8. an imdazolinone herbicide, CADRE™, or a sulfonylurea herbicde, ACCENT™. 

Figure 31 depicts a comparison of the mean plot yied (in grams of grain per plot) of wid-type wheat (Fdel) versus 
the FS4 nutants (M5 seeds) ten weeks after post-emergence treatment with PURSUIT™, Compound 2, Conpound 
8. CADRE™ or accent™. 
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Rgure 32 deplete an in vrtro enzyme aeeay which measures the inhibition of AHAS activity in FSl mutant wheat 
(labelled WS1), not sprayed with hert>lcide after emergence, by valine and leucine Oabelted V-i-L) as a control, 
SCEPTER^-, PURSUIT^. Compound 9 and OUST~. 

Rgure 33 depicts an in ^ilcQ enzyme assay which measures the inhibition of AHAS activity in F31 mutant wheat 
5 (labelled WS1), sprayed with herbicide when the plants are three weeks old. by valine and leucine (labelled V-f L) 
as a control. SCEPTER™. PURSUIT™. Compound 9 and OUSP". 

Rgure 34 depicts an ia vitrD enzyme assay which measures the inhibition of AHAS activity in wild type wheat 
(RdeO. not sprayed witii herbicide after emergence, by valine and leucine (labelled V+L) as a control. SCEPTER™. 
PURSUIT™, Compound 9 and OUST™. 
10 Rgure 35 depicts an Jq ^itm enzyme assay which measures the inhibition of AHAS activity in wild typ>e wheat 
(Rdel). sprayed with herbicide when the plants are three weeks old, by valine and leucine (labelled V-i-L) as a corv 
trol, SCEPTER™. PURSUIT™, Cwipound 9 and OUSP". 

Rgure 36 depicts an Iq vitro enzyme assay which measures the inhft>ition of AHAS activity in FS4 mutant wheat, 
not sprayed with herbicide after emergence, by valine and leucine (labelled V44.) as a control, SCEPTERS, PUR- 
15 SUIT™, Compound 9 and OUST™, 

Rgure 37 depicts an io ^ilOQ enzyme assay which measures the inh3>ition of AHAS activity in FS4 mutant wheat, 
sprayed with herbicide when the plants are three weeks old. by valine and leucine (labelled V4-L) as a control. 
SCEPTER™. PURSUIT™, Compound 9 and OUST™. 

Rgure 38 depicts an to vitro enzyme assay which measures the inhibition of AHAS activity in wild type wheat 
20 (RdeQ. not sprayed with herbicide after emergence, by valine and leucine Oabelled V4-L) as a control. SCEPTER™. 
pursuit™, Compound 9 and OUST™. 

Rgure 39 depicts an in yitm enzyme assay which measures the inhibition of AHAS activity in wild type wheat 
(RdeQ. sprayed with herbicide when the plants are three weeks old. by valine and leucine (labelled V+L) as a con- 
trol, scepter™, pursuit™. Compound 9 and OUST™. 
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DETAILED DESCRIPTION QF THE INYENTIQN 

[001 1] This invention is directed to a novel method for saeening for the selection of rrutations which cortfer AHAS 
irtiibiting herbicide resistance to wheat. Wh^ seeds are mutagenlzed with a chemical mutagen t>y conventional 

30 means. In a first screening step, mutagenized seeds are soaked in an AHAS inhtoiting herbicide-containing solution 
containing a particular class of AHAS inhbiting herbicide by adapting a published procedure for 8oyt)eans to wheat. 
[0012] In a novel second screening step, the seeds are then planted in soil and subjected to spraying with an AHAS 
irtiit)iting hertDicide of the same class as that used In the seed soak step pnor to emergence of seedlings from the soil. 
Those wheat plants which emerge and have a normal appearance are considered to k>e resistant to the dass of AHAS 

35 inhibiting herbicides used in the two step saeea These plants therefore have the benefit of being able to be planted 
and their area treated with a class of AHAS inhibHing herbickJes so as to efiminate p)roblem weeds while the wheat 
plants remain undamaged. The inheritance of the AHAS inhibiting herbicide resistance trait is demonstrated by testir^ 
several generations of seeds from the initial nrutants for resistance to applications of a dass of AHAS inhS)iting4f0fbi- 
cidea The resulting plants may Jbe, but are not necessarily, cross-tolerant to classes of AHAS Inhibiting herbiddes other 

40 than that used in the two step screen. 

[001 3] The mutagenesis of the seeds is achieved by conventional means using a chemical mutagen. One procedure 
is that of Kueh and Bright (Kueh. J.S.H. and Bright S.W.J., Planta. 153. 166-171 (1981). wherein seeds are soaked in 
water, air is txjbbled through the seeds. folk>wed by treatment with a chemical nrutagen such as socfium azide. The 
seeds are then rinsed with water and dried. The use of sodium azide in this procedure is particularly preferred. 

45 [0014] Other chemical mutagens and procedures for their use indude N-nwttTyl-N-nitrosourea and N-ethyl-N-nitro- 
sourea (Ruhr. R. and Cseplo. A.. Methods Enzvmol. ^Rant Mol Biol V HfiL 611-623 (1986)). ethyl methanesuHonate 
(Sebastiaa SA. et al.. Crop Sd., 2i 1403-1408 (1989)), and hydroxylamine and hydrazine (Khamankar. Y G.. J, 
Maharashtra Aoric. Univ.. 1± 322-325 (1989)). 

[0015] The mutagenized seeds are then saeened for resistance to AHAS inhibitino herbicides. Initially, in vitro 
so screens evaluating herbicide tolerarx;e of isolated wheat embryos, half seeds and whole seeds, are investigated. How- 
ever, these screens are time consuming and problematic due to contamination problems and variable response of the 
wheal Therefore, another type of screen is used. This procedure is derived from a protocol developed by Sebastian 
and Chaleff (Setiastian. S. A and Chaleff. R. S., Croo Sdence 2Z 948-952 (1987)) for selection of herlwdde tolerant 
soybean. This screening procedure involves soaking whole, mature wheat seeds in an AHAS inhbiting hert)icide-con- 
55 taining solution containing a particular dass of AHAS inhbiting hert)icide for a set period of time after which the seeds 
are planted in a sterile soil mixhxe. 

[001 6] Various classes of AHAS inhbiting herbicides indude the imidazdinones, the sulfamoylureas, the sutfonylcar- 
boxamides, the sulfonamides and the sutlbnylureas. 
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[001 7] Examples of irrvdazotinone herbicides which are used in the seed soak screening step include 2-(4Hsopropyl- 
4-methyl-5-oxo-2-inrtidia20lin-a-yI)-nicotinic add, 2-(4-isopropyO-4-methyl-5KJXO-2-imidazo!in-2-yO-3<|uinolinecartX3ov 
lie add» 5-ethyt-2-(4-isoprop/l-4-methy!-5K>xo-2Hmida2olin-2-yl)-niocrt^ acid, 2-(4-feopropyl-4-methyl-5-oxo-2Hmida- 
zolin-2-yf)-5-(methoxymeth/0-nicotinic acid. 5-fornriy|.2-(4-i6opropyl-4-nriethyl-5-oxo-2-inriida2oOn-2-yO-riicotini^ acid, 5- 

5 (dimethyl acetal), 3K4-isopropyl-4-methyl-5K)xo-2Hnriida20lin-2->i)-2-meth^ add), 2-{4Hsopropyl-4-methyl-5- 

oxo-2-imidazoIin-2-yf)-5-methylnicotinic add, and a mixture of methyl 6-(4-teopropyl-4-methyi-5-oxo>2-imidazoiin-2-yl)- 
m-toluate and methyl 2-(4-isopropyl-4-methyt-5-oxo-2-inriidazolin-2-yl)-(^toluate. The use of 5-ethyl-2-(4HSopropyl-4- 
m6thyl-5-oxo*2-imidazolin-2-yl)-niootinic add and 2-(4-isopropyl-4-m6thyl-5-oxo-2-fmidiazolin-2-yO-niootintc add is pre- 
ferred. The use of 5-ethyl-2-(4*isopropyl-4-m6thyl-5-oxo-2-imidazolin-2-yl)-nicotinic add is particularly preferred. 

10 [0018] Exempies of suHamoylurea herbicides which are used in the seed soak screening step include 1 -(4-methoxy- 
6-methyl-6-triazin-2-yl)-3-I(Oi)ropiony(pheny!)suliamoyl]urea, 1-(4,6-dimethoxy-2-pyrimidinyl)-3-I{o-propionylphe- 
nyl)suHamoyl]urea, 1 -[(o-acety|DhenyOsulfamoyl]-3-(4-methoxy-6-methyl-2i3yrimidinyO-urea. and 1 -[(o-acetylphe- 
ny!)suHaiTX)yO-3-(4-methoxy-6-n)ethyl-s-triazin-2-yOurea. Examples of suHbnylcartxjxamide herbicides indude 2- 
acetamido-2.3<iimethyl-N-(Q-tolyl8ulfonyt)butyramide and 2-acetarndo-KH(pHchlorophenyl}sutfonyq-2,3<iimethylb^ 

IS tyramide. An exanple of a sulfonamide is N-[2,6KJtfluorophenyq-5-methytK12.4)-tria20kK1.5a]-pynnriidine^^ 

mide. Examples of sulfonylureas indude 2-[4.6-biss(diftuaoni6lhoxy]f^inriidin-2-ylcart)anrioylsullan^ add, 
1-(4.6-dimethoxypyrimidin-2-yl)-3-(dimethaxycarbanrioyi-2-pyridylsuto the methyl ester of o-[PH(4.6<jim^hyl- 

pyrimidin-2-yl)ureido]sulfbnyl]-benzoic acid) and the ethyl ester of o-Q(4-chloro-6-m6thoxy-2-pyrimkiinyf)carbamoyQsul- 
fanrx3yl]benzdc add). 

20 [001 9] If the seed soak were the only screen to be used. It would be conducted as follows: After drying, the seeds are 
planted and the number of germinating seeds is counted after a predetermined period of tinw, such as three or four 
weeks after planting. The size and appearance of the seedlings is also noted. Seeds which germinate and produce 
seedGrips of normal size and appearance may be resistant to AHAS inhibiting imidaa)linone herbicides. 
[0020] However, the seed soak screen may result in the possbOity of "escapes" or false positives surviving the heft)i- 

2S cide treatment To eliminate false positives, a pre*emergent herbidde treatment is used as a secorxJ saeen. 

[0021 ] After the seed soak step, the wheat seeds are planted in soil. If desired, the soil may be watered. The sdl con- 
taining the seeds is then sprayed, prior to the emergence of seedlings from the soil, with an AHAS inhibiting herbidde 
in a solution containing water or other acceptable aqueous or organic solvents. The concerrtratkMi of herbicide to be 
sprayed is ascertained for each imidazolinone t>y small scale trials. 

30 [0022] The AHAS inhibiting herbidde used in the seed spraying step is selected from the same class as that used in 
the seed soak step. The particular herbicide chosen may be the same or different in the two screening steps, but in each 
case, the herbicides must be chosen from the same dass of AHAS inhibiting hertxddes. The dasses of herbtddes arxl 
exanrples of each class used in the seed spraying step are as deserved previously with regard to the seed soak step 
[0023] The seeds sutsjected to the two step screen are then evaluated after emergence of seedlings from the soil. 

35 Growth which is nomial in size, yield and appearance indicates that the wheat contains a mutatton which results In the 
desired resistance to AHAS inhit)iting herbickjes. 

[0024] Wheat with high levels of tolerance for AHAS inhibiting herbk:kjes is selected via this two step screening pro- 
tocol. This saeening system allows the preferential selectbn of strongly resistant wheat plants by exposing the^ed to 
herbidde rates lethal to wild-type wheat plants at two points in the screen, the seed soak treatment arxi the preemer- 
40 gent application. This double exposure to herbicide eliminates false positives and may serve to eliminate weakly resist- 
ant mutants. The resistant wheat plants are resistant to herbiddes of the dass used in the two step saeen. The plants 
may be in some instances cross-tolerant to one or more other classes of AHAS inhibiting herbicides, but such cross- 
tderartce need not be present 

[0025] The examples presented below are illustrative of this invention with the imidazolinone dass of AHAS inhibiting 
46 hert>iddes. The other dasses of AHAS inhtoiting hert>k:ides are also within the scope of this inventbn because their 
mechanism of action is the same as that of the imidazotinones. All AHAS inhibiting herbiddes act by the same mecha- 
nism of action: they target the AHAS enzyme, thereby ft?locking the txosynthesis of valine, leudne arxl isdeudne. By 
blocking this activity of AHAS, the herbicides inhibit plant metabdism, leading to the death of the plant 
[0026] When the two step screening method of this invention is used with the imkiazolinone class of herbiddes. wheat 
50 selections are obtained which are resistant to the imidazolinone dass of herbicides. The heibidde-resistant wheat has 
an increased tderance to imidazolinones of up to 50-fokj as compared to the non-mutagenized, unselected wheat. The 
imdazdinones have been shown to inhibit the enzyme AHAS. one of the first enzymes in branched chain amino add 
biosynthesis. The wheat selections are assayed by ia vitro enzynie assays (desaibed in the examples below) and are 
shmn to have AHAS activity which is insensitive to inhibition by inridazolinones. However, there is littie or no evkience 
55 of aoss tolerance to other chemistries with a similar nrKxje of action upon AHAS either by whde plant or enzyme stud- 
ies. Out of 11 7.000 wheat seeds saeened. four wheat plants are selected for their resistance properties. These four 
mutant selections are designated FSI, FS2, FS3 and FS4. Samples of seeds of these wheat plants have been deposr 
ited on March 28, 1991 with the American Type Cuftire Collection, 12301 ParWawn Drive, Rockville. MD 20852, and 
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have been assigned accession numbers as follows: 



Wheat Mutant 


Accession NumtMr 


FS1 


ATCC 40994 


FS2 


ATCC 40995 


FS3 


ATCC 40996 


FS4 


ATCC 40997 



[0027] Based on genetic data, the selected wheat mutants. FS1 . FS2, FS3. and FS4. are allelic and appear to be the 
75 result of a single mu^ionat werii The tolerance is Inherited as a single genetic locus and is don^nant a semictonriinant 
in expressbn. The increase in herbicide tolerance is shown to have no deleterious effects on grain yield either in the 
presence or absence of the imidazolinone hertuddes tested. 

[0028] The inheritance of the nnutations in the resistant wheat selections is confirmed by testing several generations 
of progeny of the seeds, as well as intercrosses of the mutant selections. The test seeds are sutsjected to both pre- 
20 emergence and post-emergence applications of various classes of AHAS inhibiting hert>iddes. The size, yield and 
appearance of the seedlings are obsen^ and compared to untreated controls (FideQ and to controls (FideO subjected 
to the same two step screening procedure. 

[0029] Results of these tests, as desaibed in the examples, indicate that the mutations conferring resistance to imi- 
dazolinones are inherited from generation to generation of plants derived from the FS1 . FS2, FS3 and FS4 selectior^. 
2s The specif icrty of the resistance is demonstrated by the data which rrxJicate that the nmitant selections are not resistant 
to other classes of MiAS inhibiting herbicides such as sulfonylureas, sutfamoylureas. sulfonamides or sulfonytcartxn- 
amides. 

[0030] In a second emtxxdiment of this inverrtion, two different classes of AHAS inhil>iting hertModes are used in the 
two step screening method. In the seed soak step, a herbicide from one dass is used. In the spraying step, a hert>icide 
30 from a second class is used. The resulting plant selections which survive arxi grow norrrally are resistant to both 
classes of herbicides. Although the frequency of mutations conferring resistance which are selected for is greatly 
reduced, because of the different dasses of herbiddes used, if the number of seeds screened large enough, doi^e 
resistant selections are obtained. 

[0031] In order that this invention may be better understood, the following examples are set forth. The examples are 
55 for the purpose of illustration only and are not to be construed as limiting the scope of the inverrtion. 

EXAMPLE 1 

Deveiooment of a Two Step Seed Screen 

40 

[0032] Frve thousand seeds of "Fidel", a French winter wheat are mutagenized following the procedure of Kueh and 
Bright (Kueh. J. S. H. and Bright S. W. J., Planta. m 166-171 (1981). The wheat seeds are soaked in water for 18 
46 hours at 5**C and then air is bubbled through the seeds for six hours at 20^*0. This is followed inrvnediately by treatment 
with 1 mM sodium azide, a chemical mutagen, at pH3 for two hours. The seeds are rinsed with water for 30 minutes and 
then spread in a shallow layer onto paper towels to dry. Once dry. the seeds are planted in the field. 
[0033] The wheat plants are grown to maturity and the M2 seed isjiarvested. Approximately 1 17,000 wheat seeds 
are harvested and used to saeen for imidazolinone-resistant wheat. The germination frequency of tNs material is 

50 100%. 

2. Step 1: Seed Soak 

[0034] Following the protocol developed by Sebastian and Chaleff, wheat seeds are surface disinfested in 70% EtOH 
55 for 30 seconds followed by disinfestation in 50% solution containing 2.625% sodium hypochlorite with 1-2 drops of 
Tween 20™ (a non-ionic polyethylene sorfoitan mondaurate surfactant, available under the registered tradmiark of 
Atlas Chentical Industries) per 100 ml of solution, for 30 minutes under vacuum with gentie agitation provided by a stir 
plate. The seeds are rinsed in sterile distilled water and then soaked in a heri^idde concentration for a set period of time. 
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ae de&crtbed bebw. Sete of twenty-five eeede are placed into 25 ml of the herbicide eolution deecribed belc^ In a eterile 
1 00x1 5 mm plastic petri dish and soaked tor the designated time. The seeds are rinsed with wat^, dried with fBp^r tow- 
els and planted (25 seeds/^lat) approxinat^y 1^** deep in 6 x 8 Inch peat flats containing a moist, simile, artificial soil, 
Metro Mix 350^^^ (Grace Company, Cambridge. MA). The treatments are evaluated at four weeks after treatment. The 
herbicide, rates and time periods evaluated are described below: 

Experiment 1 : 
[0035] 



ARSENAL'": 


0. 


1.10. 50. 100, 500 uM 


SCEPTER^: 


0. 


1.10, 50, 100, 500 uM 



for 48 hours. Each treatment r^icated four times. (ARSENAL^ and SCEPTERS are registered tredenarks of Amer- 
ican Cyanamid CcmfHny ARSENAL^ is 2-(4-iscpropyl-4-methyt-5-OKO-2-inradia2olin-2-yO-nicotinic actd and is 
desaibed in U.S. Patent Numbar 4,798,619; SCEPTERS is 2-(4-iscpropyl)-4-methyl-5<sxo-2-imida20lin-2-yf)-3-<3uirto- 
lin^rbojrylic acid and is described in U.S. Patent Number 4,798,619.) 

[0033] ARSENAL inhibits seed germination and seedling growth with increaang concentration. While some potential 
false positives are observed visually at concentrations up to 50 uM, higher concentrations totally inhibit seedling growth. 
At the^ concentrations, 100 and 500 uM, some st^^lde seeds gemninate, but the shoots are small, twisted mi 
generally abnormal in appearanco. 

[0037] While SCEPTERS also inhbrts seedling growth with inaeasing concentration, by t^ee to four weeks, ^e 
seedlings recover, as obsen/ed visually. In tact seedlings treated with 1-1 00 uM are indistinguishaUe from controls mi 
seedlings treated with 500 uM are slightly shorter than controta 

Experiment 2: 

[0038] 



ARSENAL™ 


0, 10.50, 100, 500 uM 


scepter™ 


0. ICO. 250. 500. 750. 1000 uM 



for 46 hours. Each treatment is r^licated two times. 

[0039] ARSENAL^ is retested at the same concentrations as the previous experiment and ^e same results are 
obtained as described above. In this study, the SCEPTERS concentration is inaeased to a maximum of 1000 uM. By 
the end of the study, It is evident from visual observation ttat th^ concentration is still not high enou^ to prev^ 
^escapes'. The duration of exposure to the herbicide also appears to have an effect on the number of felse positives. In 
exp^iment 1 . the seeds soak for a few hours long^ and some root elon^tion occurs; however, the seeds in ^is exper- 
iment do not all exhibit radicle em^gence when the h&btcide treatment is t^minated. The effect of the duration of the 
seed soak upon the herbicide concentration necessary to prevent "escapes** is inv^igated in the following experiment. 



Experiment 3: 

imai 



ARSENAL^ 


0. 50. 75, 100 


SCEPTERS 


a 250, 500, 750, 1000, 1500 uM 


PURSUIT™ 


0, 250, 500, 750. 1000, 1500 uM 


Compound 1: 


0, 500. 1000. 1500. 2000 uM 



for 48, 72 or 88 hours. Each treatment is replicated two times. (PURSUFT^ is a registered trad&mrk of American Cyarv 
amid Company. PURSUIT" is 5-ethyl-2-(4-isopropyj-4-methyt-5-aKO-2-imidazolfn-2-yl)-niootinic acid and is des:ribsd 
in U.S. Patent Number 4,798.619. Compound 1 is 2-acelamtdo-N^(p<hlorcpheny06df6ryO-2.3-dinrietf^-butyramide 
and is d^rtbed in U.S. Patent Number 4.992.094.) 

[OC^H] In this study, the imidazolinone herbicides ARSENAL^^. SCEPTER^^. PURSUIT^, and the sulfonylcarboxanrv 
tda Compound 1 are evaluated as selective agents in the seed soak saeen. The interaction of seed soak duration vinth 
herbicide concentration is also evaluated. Figures 1 -3 present the r^uHs of imcdazolinone h^ictde tr^tments. When 
the seeds are soaked for 48 hours, the number of '"normal" plants deaeas^ with increasng herbicide ccncentralwn. 
However, there are normal plants even at the highest herbicide concentratbns tested. As the length of exposure to her- 
bicide increase, the herbicide concentration necessary for lethality is reduced. ARSENAL^ at 50 uM is suffident if tie 
exptsure is greater than 72 hours, howev®- 75 uM is necessary If the length of exposure is less. SCEPTERS is not 
effective at any of the herbcctde/sxpo&ire length combir^tions. In contrast treatnnent of the seeds witi either 1000 uM 
PURSUIT^ for 72 hours or 750 uM PURSUIT^ for 98 hours prevents the survival o? potential false positives. Com- 
pour^ 1 does not have an inhibitory effect on either seed germination or seedling grot^vth. 

Experiment 4: 

[0042] 



scepter™ 



0, 500. 1000, 1500, 2000 uM 



for 3, 4, 7 and 10 da^. Each tpeatm^rt Is replicated two times. 

[0043] The protocol is as despribed above except t^mt 35 seeds are soaked per petri dish; 25 seeds are still planted 
per flat. This experiment s repeated twice. (Note: The 7 and 10 day plartin^ become contaminated with fungus in tie 
first experiment and are discarded. In the second experiment the fungicide. Captan. is added to the soaklr^ solutbn 
to prevent contamirffltion.) 

[0044] Soafdng durations of seven and ten days are too long a period for use with wheat seeds. By this time, ^hodl 
etongation starts to occur in SCEPTERS at concentrations up to 1000 uM; fungal contanrtination ato starts to be a 
problem with these time pencds. 

[0045] Visual results are similar to those ote^ved tor PURSUIT^ in Experim^ 3. Either 1000 or 1500 uM 
SCEPTERS for three days are suttatile for selection of imtc^dinone resistant mutants with the problem of ^Ise ptst- 
tives minimized. _ 

3. Step 2: Pre-ememence Herbicide ApoHcation 

[0046] A series of experiments is performed to detemiine the appropriate herbicide rate for this pre-em^g&rt ^ay 
treatment. 

[0047] Wheat seed of the susc^ble cultivar Rdel is planted in Metro Mix 350^ in 6 x 8 inch peat flats at a rate of 
1 00 seeds per flat The flats are watered prior to herbicide treatment Three flats are sprayed p& treatment The herbi- 
cides are applied with a laboratory belt sprayer at a rate of 950 Irt^s per hectare (L/ha) at a belt ^eed of 1ZB sec/rev 
using ^ray^- nozzle #4C015E (Teejet"^ Spraying Systems). After three to four weeks, the treatments are evaluated by 
visual observation for toxicity to the wheat seette/iseedDngs. PURSUIT™ and SCEPTEff^ are most effective at 300-350 
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g/ha, whfle ARSENAL™ ie moGt effective when eprayed at 40-50 gAia preemergenca 
4. Saeenino and Selection of Herfeicide Resistant Mutants 

[0048] PURSUIT^ is used as an exemplary imidazolinone for screening for herb'dde resistance. M2 wheat seeds are 
surface disinfested in 70% EtOH for 30 seconds followed by disinfestation in 50% solution containing 2.625% sodium 
hypochlorite as descrbed above. The seeds are then rinsed three times with sterile distilled H2O and placed Into sterile 
plastic 100 X 15mm petri dishes, 250 seeds per dish. Twenty-five ml of 1 000 mM PURSUrn^ solution is added to each 
dish and the seeds are soaked in this solution in the dark for 3 days. The seeds are then drained, blotted dry on paper 
towels and planted in sterile 6x8 inch peat flats containing Metro Mix with 1000 seeds planted^lat. The flats are 
watered and sprayed immediately with 300 grams per hectare (g/ha) PURSUIT™. The herbicide is applied with a labo- 
ratory belt sprayer at a rate of 950 Uha with a belt speed of 12.8 sec/irev using sprayer nozzle #40015E. After four 
weeks, the seedlings are evaluated for hert)icide tolerance. The M2 wheat seed is saeened in lots of 25,000 seeds at 
a time. Out of approximately 117.000 M2 wheat seeds put through the two-step saeen for hertxdde resistance, four 
wheat plants are selected which are resistant to PURSUrP*. 

[0049] These plants are quite striking in their appearance as conrtpared to non-resistant wheat. Two of these mutant 
selections are depicted in Rgures 4 and 5. The resistant wheat is in the left-most flat in Figure 4; the resistant wheat is 
in the middle flat of Rgure 5. These four mutant selections are designated FS1, FS2, FS3, and FS4. The resistant 
plants are transplanted into 7.5 inch peat pots in Metro Mix 350^. 

EXAMPLES 2-5 - - - 

Chararterization of Hertaicide Resistant Mutants 

Inheritance of Heifaicide Resistance Trait 
1. Plant Saeen : In vivo 

[0050] M3 plants from the four initial plant selections (labelled FS1 . FS2, FS3 and FS4) are screened for PURSUIT^ 
resistance. Frve M3 seeds from each mature inflaesence of these initial M2 mutants are disinfested in 70% EtOH for 30 
seconds followed by disinfestation in 50% solution containing 2.625% sodium hypochlorite (as descrbed above) for 20 
minutes under vacuum with gentie agitation provided by a stir plate. The seeds are rinsed two times in sterile distilled 
water. 

[0051] Each set of five seeds is then placed into 10 ml of a 1500 uM solution of PURSUPP' In a sterile 60x15 mm 
plastic petri dish and soaked fa three days. The seeds are rinsed with water, dried with paper towels and planted 
approximately 1/2" deep inS" x 8 Inch peat flats containing moist sterile Metro Mix 350™. These flats are^prayed 
preemergence with 300g/h^ of PURSUIT™. Controls include M3 seeds from each resistant selection which are disin- 
fested as previously desaft>ed, soaked in sterile (fistilled water for three days and then planted. In addition, mselected 
susceptible Fidel wheat is disinfested as desaS>ed above and one-half of the seeds treated with PURSUIT™ (seed 
soak and spray procedure) and the ottier half are soaked in water alone. The herbicide is applied with a laboratory belt 
sprayer at a rate of 950 Uha with a belt speed of 12.5 sec/rev using sprayer nozzle #40015E. 
[0052] Four weeks after receiving the initial seed soak, the M3 wheat plants are rated according to whether the plants 
are hert>«cide resistant, hert>icide damaged or dead. The herbicide resistant plants are transplanted individually to 7.5 
inch Azalea pots with Metro Mix 350™, A fertilizer. Osmocote™ (Sien-a Company. Milpita. CA) is added as a top dressing 
one week after the plants are ti-ansplanted. In addition the plants are fertilized regularly with Peter's 20-20-20™ (Grace 
Company. Cambridge, MA). Individual plants are rated against Rdel untreated controls. 

[0053] Non-mutagenized. non-selected Fdel seed does not survive when ti'eated with PURSUIT™ at 1500 uM (seed 
soak) and 300 g/ha (preemergent application). This same material, when soaked in sterile distilled water and not 
sprayed, genninates witiiin 1-2 weeks with an average germination frequency of 63.3% (average of two sets of con- 
trols). M3 material, when soaked in sterile distilled water and not sprayed, has a germination frequency of 53.3%. Seed 
of the resistant wheat selections, treated with PURSUIT™, germinates with the following frequencies: FS1 - 60%. FS2 
- 47.5%, FS3 - 41 .2% and FS4 - 55%. Many of the M3 seedlings exposed to herbcide treatment grow at the same rate 
as untreated controls: however, some seedlings whk:h are progeny of FS4 are affected by the herbicade. exhibiting 
symptoms of stunting, twisting and/or chlorotk; striping (Rgure 6). Most of tiiese are capable of survival and further 
growth. Plant height three weeks after herbicide treatment is presented in Table 1. 
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M3 Plant Screen: Results of screening Ma progeny of the four initial v^fheat selections in the Seed 
Sc^k/Preemergence Application scresn. 


Selection 


Na Heads Tested 


No. of Plants^ 


Ave. Shoot Height (cm) 


Range Shoot Heights 
(cm) 


FS1 


16 


48/80 


9.1 


2-15 


FS2 


16 


38/80 


11.7 


5-18 


FS3 


17 


35/85 


8.0 


1 - 14.5 


FS4 


17 


44/85 


21.1 


5-28 


Controll 


_2 


6/15 


19.0 


10-26 


Controls 


_2 


13/15 


21.2 


8-30 


Control M3 


3 


8/15 


28.9 


27-31 



^ Numtj^ of pEante raised/humt)^ of seeds piartied. 

^ Seeds rather than hsads are te^ed in Control 1 artd 2. Ccntrol 1 « SuscepltbJe wheat seed (Fidel) soatod in st^- 
iie distQled water. Control 2 « Sisoeplibla wheat seed (rcddl) soaHed in h8rt>cctde sotutcon. Controt ^ ° seed 
from the initial selectcors soaked in sterile we^er. 



[0054] Plant heights range from 1 to 28 cm for the mutant eelecttona This demonstrates the variability in the degree 
of herbicide toleranca Control plants range from 8 to 31 cm in height All of the plants are tran^lanted into Metro Mx, 
350^ in 7 ^f2 inch peat pots and used to maka the crepes described in part 4 of this Example 2 (Oenettc Condition 
Studies). 

2. Plant Screen : Jn Vftro 

[0055] M3 plants from the four initial plant selections (^b^led FSI , FS2. FS3 and FS4) are serened for PURSUIT^ 
resistance M vitro. M3 seeds from ^ch nmture inf loresence of these Initial nrujtants are dislnfested In 70% EtOH for 
30 seconds followed by cfisinfestation in 50% solution containing 2.625% sodium hypochlorite (as described above) for 
20 minutes und^ vaccuum with gertle agrtatbn provided by a stir plate. The seeds are soaked in sterile distflled \R«ter 
in 100x1 5mm sterile plastic petri dishes for 20-24 hours after which the embryc^ are exdsed &rtd cuttured onto nrtsdium 
containing ©th^ 10"^, 10'^, or 10"^ M PURSUrP". Controls include non-mutagenized (Rdel) embryos cultured on 
medium with and without hert:}cide and M3 material on medium without herbicide. Embryo ratings are taken at^^3^er 
two and one-half or three weel^ after culture initiation. 

[0053] None of the embryos (Rdel controls or M3) cultured on medium containing 10"^ M PURSUrP" g&'minat^, 
although some of the M3 embryos exhibit a small antount of primary root elongation (1-5mm). M3 embryos are some- 
what tol&^ant to PURSUrn^ in the medium at a concentration of 10*^ M; however, there is still constdereble growth inhi- 
bition. Table 2 pres^its the ^nbryo rating, T" (tolerartt). "D" (damaged) and "S" (susceptible) for the embryos cultured 
on medium containing 10*^ and 10"^ M PURSUrn«. 
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Tabj9 2 



5 


Ma Plant Screen: Results of screenina M<^ dtoq&iv of the four Initial ^ea\ selections in the in vitro seed screen. 
Err&)ryo Rating - T'sTolerant, *'D''sDamaged. and *'S°=Su8CGptibld. 




PURSUIT^ Concwrtratton = 10'^ 


10 


Selection 


Embryo Rating 


Ave. Shoot Height (cm) 


Range Shoot H&ghts 




T 


D 


S 








FS1 


21 


16 


42 




0-1.5 




FS2 


21 


14 


45 




0-3.5 


15 


FS3 


12 


9 


58 




0-4.5 




FS4 


16 


15 


31 




0-3.0 




Contrd 1 


60 


0 


0 


15.6 


1-28 




Control 2 


0 


0 


30 






20 


Control M3 


27 


1 


1 


14.7 


1-28 




PURSUIT^ Concentration 0 lO"* 


26 


Selection 


Enrtbryo Rating 


Ave. SN)ot Height (cm) 


Range Shoot Heights 
(cm) 






T 


D 


S 








FS1 


70 


0 


0 


9.1 


1-22 




FS2 


64 


1 


0 


11.4 


1-23 


30 


FS3 


34 


12 


22 


5.2 


1-23 




FS4 


59 


8 


13 


13.4 


1-33 




Control 1 


20 


0 


0 


23.1 


14-32 


35 


Control 2 


0 


0 


15 






Control M3 


15 


0 


0 


14.6 


2-28 




Control 1 s Susceptible wheat seed (Ftdel) on medium without hertiicide. Control 2 q Si^eptiUe wheat seed (Rdel) 
on medium with herbiccdGf Control M3 0 M3 seed from the tnitial selectbns on medium with he^bidda '"^^ 



40 

[0057] Based on these In vitro data, the mutant selections e^chibit between 10- and 100-fbtd increased tolerance to 
PURSUm«. 



3. SOT^tiftT Styt^^Y 

<a 

[0058] A study s performed to assay M4 progeny of the tnrtial mutant wheat selections for imidazotlnone reastanc® 
and homogeneity. M4 seeds, from M3 plants (derived from initial selections, FSl- FS4) which survive the two-step 
scre^ desaibed previously, are i^ed in this study. In addition. M4 seeds derived from M3 plants of each selection 
which are not saeened (desgnated "stock" plants) are evaluated as well as Fdel controls. Seeds, derived from both 

50 Stock and saeened M3 plants r^resenting ^ch infbresence of each original wheat selection (FS1-FS4), are planted 
in f teits at a rate of twenty-five seeds per row and eight rows per flat One week after planting, when the seedlings are 
at Z12 (t\vo leaf) stage, the plants are sprayed with 62.5 g/ha PURSUIT^. The herbictde is applied with a laboratory beK 
sprayer at a rate of 950 L/ha with a b^t speed of 12.5 sec/rev. using sprayer nozzle #4C015E at a height 18 inch^ 
above the plants. Tween 20^ is used as a surfactant at 0.25% v/v. Plants are evaliated three weeks after ^mying. 

55 [0059] Rdel is completely susceptible to 62.5 g/ha PURSUIT^ (all of these plants die). The Imidazolinone-resistam 
winter wheat selections display excellent tolerance to the postemergent application of PURSUIT^ at 62.5 g/ha in this 
greenhouse evaluation. The progenia derived from selections FSl , FS2, and FS4 appear honrtogeneousty resastant to 
PURSUIT™, even though a few susceptible plants and progenies with poor genmination are observed. Ttiese three 
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eelectionG aj:^ear to be homozygous for reeiGtance. The progenies from FS3 can be all euGceptible. eegregating or all 
resistant. Of segregating progenies with good germination. approranrBtety one-fourth of the indfvtduals are susceptible. 
This selection is apparently heterozygous, artd require an acfeiitiorBl selling generation to obtain uniformly 
honftozygous ntaterial. Seed increase plots for all progenies are planted in the fieteJ. Following this greenhouse test, non- 
segregating progenies derived from each individual selection are bulked to provide eufJtctent seed for a field tolerance 
t^ (Field Trial I. part 1 of Example 4). 

4. Genetic Conditfon Studies 

[OCSO] In order to determine whether the mutant wheat selections are allelic (artd possibly derived from the same 
mutation) or different, the mutants need to be interaossed. Also, r^stant lines have to be crossed vvith susceptiUes 
(Ftdef) to establish the inh^itance pattern for the resstance trait With this is mind, all possible cross^ and their redp- 
vocals are made between five parental lines. Fidel, FS1, FS2, FS3 and FS4. The F^ hybrids which r^lt from th^e 
crosses are checked for r^istance. setf ed and test-crossed back to the susc^ble parer^ in order to produce the n^- 
essary progenia to determine inheritance and allelism information for the selectbns. 

[0031] Experim^ 1 : Sot flats containing Metro Mix 350^ are planted with F^ hybrids derived from each of the follow- 
ing cross^: FS1 x Fidel; FS2 x Fidel; FS3 x Fidel; FS4 x Ftdel and Fdel (suscepliUe. parental cuHivar). One week latsr. 
the flats are grayed, one flat p^ herbicide rate, with PURSUIT^ at 50. 100, 150, 200, and 250 g/ha to determine ^e 
genetic condition of the h&t)ictde resent trait in the selections. FS1-FS4. The herbictde is applied a laboratory 
belt grayer at a rate of 950 LTha with a belt speed of 12.5 sechm using grayer nozzle #40015E Tween 20^ is used 
as the surfactant at 0.25% v/v in the h^cide solutions. Plants are rated 10 days after herbicide treatment 
[00S2] The hybrids are stunted but not killed at 250 g/ha PURSUIT^. imScating that even cn the heterozygoi^ condi- 
tion, th^e plants express relatively high levds of resistance to the imidazdinon^. Fidel is kiSed at a rate of 150 g/ha 
PURSUIT^ and is severely injured at rates of 50 and 100 g/ha. The hybrids, FSi x Fcdel, FS2 x Fcdei, FS3 x Ftdel, end 
FS4 X Fidel, all express hertndde resistance in the F^ generation. A segregation ratio of 1 resistant: 1 suscept&le would 
sugg^ a heterozygois condition. However, this is not observed in any of the four selectiaf^ Based on these data. 
gene conferring herbicide resistartce in tfte resistant wheat mutants is dominarrt and homozygous. 
[00S3] Experiment 2: This experiment continues the evaluation of the nrtutant wh^t selectior^ by examining herbiccde 
resistance in reciprocal crossed and selfed mat^ial. Reciprocal crosses are made between M3 plar^ r^resenting 
ea^ of the original four mutant selections and between these selections and Fidel. Progeny of these crosses as well 
as selfed progeny of the plants used in the crepes are planted in 6 inch azalea pots in Metro Mix 350^. Ten pots of 
each cross are planted with two seeds planted per pot. Ten days later, all of the setfed and recipro^Uy crossed progeny 
are grayed postemargence with PURSUIT^ at 200 g/ha. HertTtccde treatmt^ is appSed as described In Experiment 1 . 
Plants are thinned to one plant per pot (by removing the weaker of the two plarrts per poQ one week after herbictde treat- 
ment. There is 1 00% germination of seed from the mutant reciprocal crosses and grater than S0% germination of seed 
from the setfed mutants. None of the mutant crosses is damaged by the PURSUIT^ challenge. 
[00S4] Experiment 3: Testcrc^es of the F^ hybrids (d^ribed in Experiment 1) back to Fcdel are sprayed with 200 
g/ha of PURSUIT^. The foDo^g testcrosses are planted in 6 inch azalea pots in Metro Mix 350^. The number cH^p&ts 
plarrted per cross is indicated by the number after the crc^: 
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Fidel x(Fidel/FSl) 


12 


Rdelx(Fidel/FS2) 


21 


Rdel X (Fidel/F83) 


9 


Fidel x(Fidel/F84) 


8 


Rdel* 


20 



r There are two plant- 
ings of Fidel of twenty 
pots each.) Approxi- 
mately one month later, 
the plants are sprayed 
(except for Rdel). PUR- 
SUIT™ (200 gma) is 
appied as previously 
desabed. The plants 
are rated three and 
. one-halt meks later. 

[0065] Out Of 49 test-aoss progeny sprayed. 29 survive and 20 are kHIed. The 2920 segreoation approximates the 
1 :1 segregation expected rf a single dominant {or semidominant) gene controls the inheritance. However, the putative 
heterozygotes in this study are damaged considerably more than plants sprayed with the same rate of herbicide in a 
prenous study. It is unclear whether treatment at a later growth stage causes the increased damage to the het^ozy- 
gotes. or whether other factors are invoh/ed. 

[0066] Experiment 4: The resistant wheat selections, FS1-FS4, are crossed to Fidel and the seed from these 
aosses is selfed. The crosses are as follows: 

(Fidel X FS1) selfed 

(Fidel X FS2) selfed 

(Fidel X FS3) selfed 

(Fidel xFS4) selfed 

[0067] The Fg progeny frqm these crosses and their susceptible progenitor variety Rdel are planted In flats. Five F2 
progenies are used for each of the four aosses. One flat is planted of each progeny for each cross. The flats consist of 
six rows per flat with 25 seeds per row. The flats are sprayed postemergence with 200 g/ha PURSUIT™ eleven days 
later. The PURSUIT^ is applied as previously descri>ed. 

[0068] This rate of PURSUIT^ is determined to be lethal to susceptible wheat, yet non-lethat to plants heterozygous 
or homozygous for resistance. Segregation for herbicide resistance in this progeny confirm that the resistance trait for 
each of the four selections (FS1-FS4) is inherited as a single dominant or semi-dominant trait F2 progenies of each of 
the four crosses give clean ratios of 3 (resistant): 1 (susceptible) when sprayed postemergence with 200 g/ha PUR- 
SUIT^. 

[0069] Experiment 5: Crosses and recprocal crosses are made between the four mutant wheat selections. The F^ 
seed from these crosses is planted and the plants allowed to self, fhe F2 seed is harvested and used in this experiment 
to determine allelism of the four selections. Whole^lats are fSled with Metro Mix 350^ and are sown with 100 seeds per 
cross (four rows with 25 seeds/row). In addition a row of susceptibtle Fidel is sown in each flat Three sources from each 
cross are used. When the seedlings reach the Z12 stage, the flats are sprayed with PURSUrP' at 200 g/ha. The PUR- 
SUIT^ solution is applied as previously deserved. Four weeks after treatment the number of resistant versus the 
number of susceptible plants is determined. 

[0070] Allelism studies between the four resistant wheat selections demonstrate that all the selections are allelic or 
very tightly linked. Few or no susceptble segregants are observed in the F2 generation of intercross hybrids between 
the selections. In the event that the genes are nonallelic and unlinked, the F2 progenies are expected to segregate in a 
15 (resistant) : 1 (susceptible) ratio. Table 3 presents the results of these genetic condition studies. 
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TablsS 



Genetic Condition Studies: Numb^ of Plants which are resistant/sieceptiUe to 


200 g/h 


a PURSUIT^. Data tekon three vifeeks after treatment. 


Source 


Resist 1 Suscept 


Source 


Res^ 


Si^cept 


(FS1/FS2)X-1 


71 


1 


(FS2/FS1)X.1 


95 


0 


(FS1/FS2)X-2 


85 


2 


(FS2/FS1)X-2 


91 


0 


(FS1/FS2)X-3 


74 


1 


(FS2/FS1)X-3 


97 


0 


Total 


230 


4 


Total 


283 


0 


(FS1/FS3)X-1 


62 


0 


(FS3/FS1)X-2 


95 


0 


(FS1/FS3)X-2 


92 


0 


(FS3/FS1)X-3 


97 


0 


/FS1/FS3^X-3 

11 will WWJ/X w 


93 


0 


(FS3/FS1)X-5 


94 


1 


Total 


267 


0 


Total 


2&5 


1 


(FS1/FS4)X-1 


98 


0 


(FS4/FS1)X-1 


93 


1 


(FS1/FS4)X-2 


SO 


0 


fFS4/FSl^X-2 


91 


0 


|F W I/I ^rvjf\ w 


93 


2 


(FS4/FSl)X-3 


94 


1 


Total 


279 


2 


Total 


278 


2 


/FS2/FS3)X-1 


99 


0 


(FS3/FS2)X-1 


98 


0 


/FS2/FS3^X-2 


87 


1 


/FS3/FS2^X-2 


94 


0 


fFS2/FS3)X-3 




0 


(FS3/FS2)X-3 


98 


0 


Total 


278 


1 


Total 




V 


#FSJ2/FSAW-1 

ii 1 


102 


0 


(FS4/FS2)X-1 


94 


0 


(FS2/FS4)X-2 


97 


0 


(FSWS2)X-2 


95 


1 


(FS2/FS4)X-3 


97 


1 


{FS4/FS2)X-3 


95 


0 


Total 


298 


1 


Total 


284 


1 


(FS3/FS4)X-1 


98 


0 


(FS4/FS3)X-1 


95 


0 


(FS3/FS4)$^2 


98 


0 


(FS4/FS3)X-2 


ICO 


0 


(FS3/FS4)>^-3 


98 


0 


(FS4/FS3)X-3 


94 


0 


Total 


290 


0 


Total 


290 


0 



In no case does the nunrtber of susceptible segregants approach 1/1 6th of the total (Table 3). Also, no nrtatemal effects 
on inheritance are observed. These data support the likelihood that all four selections are derived from the same nuita- 
tional event or are v&y tightly (inked. 

[0071] Experiment 6: Seeds from selfed prog&iy from the second backaoss of the resistant mutants to Fcdd (sus- 
ceptible progenitor cuttivar) are planted in standard flats filled with Metrp.Mix 350^. Thirty seeds are planted per source. 
Seven to ten da^s after planting, th^e flats are grayed with 200 g/ha PURSUIT^ applied as previously d^crbed. 
Three we^ after treatment the plants are evaluated for segregation of the resistance trait. As estp^^ted, some prog- 
eny are completely resistant, some progeny are segregating for resistance, i.e., some progeny are resistant and some 
progeny are susc^jtible. while other progeny are completely susceptible to herbicide. Hontozygous r^istant plants are 
selected and used to increase seed quantities (in the nursery) for the improved resistant cuttivar. 
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^?(AtyipLE3 

Herbtcide Resistance Studies 

5 1. Lev^ and Soerimm of HertMCide Resistance 

Thid greenhouse test examines ihe \&^e\ and spectrum o? herbicide resistance o? the mutant selections at ^e 
whole plant level. Four imidazolincnes (PURSUIT™, SCEPTER™, ARSENAL™ and Compound 2 and one sulfonylurea 
(OUST™, a registered trademark of E.I. du Pont de Nemours and Company, which is the methyt ^& of o4[3-(4,6- 

10 dimethylpyrimidin-2-yOuretdo]8ultonyl]-benzoic acid) are tested. Compound 2 is a potential short ressdual imidazolinone 
and is 2^4-l8cpropyl-4-nftsihyi-5<>KO-2Hnriida2din-2-yO-5-(metta add. Growth rates, as detemrtinsd 

by plant height of treated plants are compared to untreated controls, seed, derived from M3 plants saeened for her- 
bicide resistance using the two-step screen (seed sc^k and ^ray) and ur^creened M3 stock plants, are bulked after 
they are shown to be non-segre^ting (see Segregation Study). These tines are bulked according to their Rental lines: 

75 FS1 . FS2. FS3 and FS4. Rdel (wild-type) is i^ed a control and for performance comparison purpose. Five seeds 
from each of these lines (including FtdeQ are planted per pot in six inc^ Azalea pots and are later thinned to three plants 
per pot. Three f^\ca\&^ are used per tr^tment (chemical and rate) for each line, and m r^icates per wheat line are 
used as untreated control Plants are grayed postemerg^ce. 10 days after planting, with the following herbicides 8^ 
rat^: 

20 



Imcdazdinon^: 


PURSUIT™ 


20. 40. 80,160. 320 




scepter™ 


40, 80, 160. 320, 840 


g/^ 


ARSENAL™* 


3, 6. 12, 24, 46 


g/ha 


Compound 2 


20, 40. 80,160, 320 


g/ha 


Sulfonylurea: 


OUST™ 


5. 10. 20. 40,80 





fNots: Plants ^arayed with ARSENAL^ are 

planted three days prior to the plants in the otto* 
^ trealmarUs; ho^ve^, measuremsnts ere taken 

with the other tr^tments. In edditcon, atthougT) 

there are three r^sSicates per ARSENAL^ rale 
f . e/atuated, tttsre are only two plants per pol a--^ 

, rather than throe.) Tween 20^ is added at 025% 

^ vA/ to the hertxctda soSutois prcor to spraying. 

The hert>cc£de& ere applied with a laboratory beQ 

sprayer at a rale ot 400 L/ha at a dstance 18 

inches at^ova the whsal plants with a baK ^>eed 

ol B2 secArsv and ^irayer nozztd #6501 5E. Plant 

hatgh} ^ maasured cmmedatety prior to spraying 
^ and al one wask tnlervate tor Cour weete. 

[0073] The four selections are sinrtilar in both their ^>ectrum and. level of r^istance. FS3 is slightly less r^istant tten 
thd other three selections. Since FS3 is selected as a heterosygote. het&'ozygous or eusc^ble individuale nuiy be 

so inadvertently induded during bulking of the seed to oortduct these esqperiments. Based on plant grov^ four we^ after 
treatment, the ntutant wheat is resistant to ntore than 320 g/ha PURSUIT™, more than 640 g/ha SCEPTERS, more 
than 48 g/ha ARSENAL^, more than 80 Compound 2, and more than 5 g/ha OUST«^. These numbers translate 
approxinr^tely to an 8-fbtd increased tolerance to PURSUIT^, more than a 16-fdd inceased tolerance to SCEPTERS 
and ARSENAL^, a 16*fo!d increase in tolerance to Compound 2, and a 2-fotd increase tolerance to OUST^. Rgures 

ss 7-l0a dOToretrate this tolerance tor one of the mutant wheat selections (FSl) to ARSENAL^, OUST™. PURSUIT^, 
SCEPTERS, and Conrtpound 2. re^ectively. 
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2. PreemefQence Her btctde Tolerance 

[00741 In this study the imidazolinones. SCEPTER"^. PURSUIT^, ARSENAL^, and Compound 2, and the sulfonylu- 
rea, OUST^, are applied pre-emergence (rather than postemerg^ice as described in part 1 of this Example 3) to the 
5 wheat variety Fcdel and the resistant selections FS2 and FS4 to &aluate herbidde tolerance. 

[0075] M4 seed of two of the nruitant selectior^. FS2 and FS4. and seed of the susceptible variety Fcdel s used in this 
experiment Five seeds from each wheat One are plarrted per pot in Sassafree (eendy loam) soil in ax inch Azalea pots. 
Four repOates are used per treatment (chemical & rate) for each line, and six replirates per vi/heat line are used as 
untreated controls. The day after the seeds are Ranted, the pots are sprayed with ^e following h^lccdi^ artd rates: 



PURSUIT™ 


40. 80. 160, 320, 640 


0/?m 


SCEPTERT" 


40, 80, 160. 320. 640 




ARSENAL^ 


2.5, 5, 10. 20,40 


g/ha 


Compound 2 


5. 10. 20, 40. ^ 




OUSP" 


5, 10, 20, 40, 





[0076] The herbicides are applied as d^nl)ed above (Level and Spectrum of Herbicide Resistance). The pots are 
watered after spraying. Plant heights are measured at tour weeks aft^ treatment 

[0077] Based on plant growth after four weeks, the selectioTs FS2 and FS4 have an appronn^tely 8-fo5d increased 
2s tderance to ARSENAL^^ and PURSUIT™ (Rgures 12 and 13, re^>ectively), an 8- to 16-fold increased tolerance for 
Compound 2 (Ftgure 14) and SCEPTER"^ (Figure 1 1). The inaease in tolerance to OUST^ appears to b® 2* to 4-fo3d. 
Similar results are observed for root and shoot fresh weight date m^sured seven weeks after tr^tnrtent 

3. Postemeraence HertJidde Tolerance 

[0078] In this second greenhouse test, the upper Itmite of the mutant selections* resistance to postemerg^ applica- 
tions of PURSUIT^ and Compound 2 are examined. seed of two of the mutant selections, FS2 and FS4, and seed 
of Fidel are used in this experiment. Five seeds from each Icne are planted per pot in sterile Metro Mix 350^ in six Inch 
Azalea pots. Immediately prior to herbidde treatment, these plants are thinned to three plants per pot. Three rq^licates 
35 are used p& treatment (chemical & rate) tor each line, and six replicates per wheat line are ised as untreated controls. 
The plants are grayed postemergence, 10 days after planting, with the tollowing herbiddes and rates (g/ha): 



40 



PURSUIT^: 
Compound 2: 



10, 25. 50. 100, 250. 500. 1000, 2500 
2.5. 5. 10. 25, 50, 100, 250. 500 



[0079] The herbicides are applied as prevtou^y desaibed. Plar^ height is measured immediat^y prior to graying. 
4S Plant heights are ateo measured at two and four weeis after treatment, and shoot fresh weights measured at seven 
weeks treatm^ 

[0080] The selections exhibit initial stuntirtg sy mpt o ms at two weeks after treatment tor all treatment combinations 
when compared to untreated controls (Figures 15 and 17). How6ver.J>y four weeks after treatment the FS2 and FS4 
plant heights equal the untreated controls at rates up to 5{MMC00 g/ha PURSUrP" (Rgure 16) and 25-50 g/ha Conv 
50 pound 2 (Rgure 18). The selectior^ display a 40- to 100-foW increased tolerance to PURSUIT^ and connpound 2 
applied postemergence in this test as compared to Fdd (unselected). Shoot fresh weight data taken seven weeks after 
treatment rtdicates that FS2 and FS4. at these same hert)sctde rates, have fresh wights equalling 90-100% of ffiie 
untreated control fresh weights (Figures 19 artd 20). 

SB 4. Sutfamovlurea Td^nce Prem^oence 

[0^1] Two 8»periments are conducted to detemrtirTe whether the imidasolinone resistant wheat sel®c2icns eoqp7<^ 
resistance to sutfamo/lurea herbicides. Resistance to tour 8ulfanK)yturea herbidde (d^ribed below) and one sulfo- 



IS 



El? (DISSS 



nylurea herbicide (OUST^ ie tested in poctemergence and preem^gertce teste. 

[0033] In a first eitperiment the mutant wheat selection, FS2, from bulked M3 • M4 seed and Ftdel seed, s planted in 
six inch Azalea pots in Sassafras (sartdy loam) sdl. Three seeds are planted per pot initially; these are sut^equently 
thinned to two plants. There are three repli^tes of each treatment In addition, the untreated controls consist of 15 rep- 
5 licates each of Fidet and FS2. Plants are sprayed preemergence with the following herbicides and rat^: 



SuHamoytureas: 


Compound 3: 


12.5, 25, 50,100, 200 


g/ha 


Compound 4: 


62.5. 125. 250. 500. 1000 


g/ha 


Compound 5: 


12.5, 25, 50. 100. 200 




Conrpound 6: 


12.5. 25. 50.100, 200 


g/ha 



[OQSZ] Compound 3 is 1-{4-methcKy-6-methyl-s-tria2in-2-yO-3-[(o-propcnylphenyOsu]fanrtoyQw Compound 4 is 1- 
(4,6-dimethoKy-2-pyrimidinyl)-3-[(o-propionylphenyf)sulfantoyllurea. Compound 5 is 1-[(o-acetytphenyOsulfantoyl]-3-(4- 
20 methOKy-6-melhyl-2-pyTimidinyl)urM, and Compound 6 is H(o-acetylphenyl)suHanrayG^-3-(4HnelhOKy-6-meth^ 
azin-2-yl}ur^. All four compour^te are disclosed in US. Patent Number 4.622.065. 



SulfonylurM: 


OUS"P«: 


1.56, 3.125. 6.25. 12.5. 25 


S/ha 



[OC^] The hert»ddes are applied as previoisly d^ribed. 
30 The pre-em^-gence study has very poor emergence, and again, no difference are observed visually between 

Ftdel and the resistant selection. 

5. Sutfamovlurea Td^ance Postemera^ce 

35 [{m^] In a second experiment, the mutant wheat selection, FS2, from bulked - M4 seed, and Ftdel seed are 
planted in 6" Azalea pots in sterile Metro Mix 350^. Three seeds are planted per pot initially; these are suti^equently 
thinned to two plarrts. There are three r^licates of each treatment In addition, the untreated controls cor^ist of 15 rep- 
licates each of Ftdel and FS2. Plants are grayed postemergence, 12 days after planting, with the following hsT^des 
and rat^: ^ 

40 



SuHamoytureas: 


Compound 3: 


12.5.25. 50. 100. 200 


g/ha 


Compound 4: 


62.5. 125. 250. 500. 1000 


g/ha 


Conopound 5: 


12.5, 25. 50, 100. 200 


g/ha 


Compound 6: 


12.5. 25. 50. 100. 200 


g/ha 


Sulfonylurea: 


OUST^; 


625.12.5, 25. 50.100 


g/ha 



55 [0^7] The hetiddes are applied as previoisly d^cribed. 

[OOBB] Resistant and susceptible wheat are treated with rates of the herbicides expected to cause severe damage or 
Itif^&ty to the susc^ble wh^. Unfortunately, the suscqat^e wh^t culthmr (FcdeQ is not affected (as observed vte^ 
ually) even by the high^ rats used for the sultamoylurea h^cides t^ed in the postemergence test Either Ftdel 
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wheat ie relatively tolerant to the euKamoyturea herbK^ee, the rates are not high enough to cause dannage, or the her- 
bicide do3S not danage the v^eat tor some other reason (tormulation. environmental influence, etc.). The re^stant 
wheat exhibit 2-4 told increased tolerance to OUST^ in tNs study; these resite are smilar to results from previous 
experiments. 

6. M3-M4 Wheat Herbicide Resistance Soectarm 

[039] In this experim&it, the tolerance of imid^dinone-resistant wheat to three sutfbnylur^ herbicides (BEACOlSf^. 
CLASSIC™ and OUSP^ (BEACON™ Is a registered tradenark of Ciba-Geigy and is 2-[4, W)is=(dif luoromethowy)-?^- 
midirv-2-ytcarbamoyl8ulfamoyl]b@nzoic add; CLASSIC^ is a registered trademark of E.I. du Pont do Nemours artd 
Company and is the ethyl ester of o-n(4K:hloro-6-methQxy-2-pyrimainyl)-cartamoyi]-suferTtoyll-ben2oic add), a sulfa- 
moylurea hert^cide (Compound 3). a sulfonylcartToamlde (Ck)mpound 1), and an Imidazdinone herbicide (Compound 

7, which Is 3-(4-isoproj^-4-methyl-5K»{0-2-irriklazolin-2-yl)-2-methyl-crotonic add), is examined to look tor ffoss-toler- 
ance to AHAS-inhibiting herbicides other than the imidazolinones. The mutant wheat selection. FS2. from bulked - 

seed, and Ftdel seed are planted in 5" Azalea pots In sterile Metro Mix 350^. Three seeds are planted per pot ^i- 
tially; these are subsequently thinned to two plants. Each treatment cons^ of three repllcatea In addition, there are 
six rq3licat88 ^ch of FS2 and Fdel which are ised as untreated controls. Plants are ^srayed pc^^ergence, 7 days 
after planting, with the tollowing herbicides and rates: 



SuKonylur^: 


BEACON"^: 


15.6,31.3. 62.5. 125. 250 


g/ha 


CLASSIC^: 


31.3. 62.5.125. 250,500 


g/ha 


OUSP": 


6.25. 12.5, 25,50, 100 


g/ha 


SuKamoyturea: 


Compourtd 3: 


125. 250, 500. 1000. 2000 


g/ha 


SuKonylcart}oxamtde: 


Compound 1 : 


250. 500. 1000, 2000. 4000 


g/ha 


hrudazdinone: 


Compound 7: 


187.5. 375. 750 


g/ha 



[OC^] The h^ddes are applied as previously d^aibed. Plants are rated at two, three and tour weeks ate^FGat- 
nrent with herbldde. , 

[01^1] Cross-r^istance to the sultonylureas (Figures 21 . 22 and 24). the suHamoylur^ (Rgure 23) or ^e suKonyl- 
carboxamide (Figure 25) is 0-2 told, similar to that observed in earli^ studies with OUST^. The resistance to the Imi- 
dazofinone Compound 7 Is similar to that observed previously for PURSUIT^ or ARSENAL™ (greater than 10 fold) 
(Figure 26). No appredable increases in resistance to non-imidazdinone herbicides are observed. 

EXAMEL&4 
i.EfiHJoaU 

[0093] A field study is conducted to evaluate the tolerance of the imidazolinone-resistant wheat selections, FS1 -FS4, 
to postemergeni applications of inrDdazdinone hert)idd^. The variety Ftd^. from which th^e selections are derived, is 
induded as a susc^*ble check. Because Fidel is a Ranch winter wheat variety and unadapted to New Jersey, this test 
is intended to evaluate the relative effects of the hertMcide treatments on grain yields rather than to measure actual yiefd 
potentials tor the genotypes. Thus, yields are presented as grams/plot rather than bushels/acre or metric tor^a. 
[0(^3] M4 bulked seed from parental lines, FS1 . FS2. FS3 and FS4 and Ftdel wild-type, is leed in this field trial. The 
tr^ is planted in an incomplete ^lit plc^ d^ign with the nrmin plot as h&bictde-rat® oomSMrmttcn artd th® ^ct p!G2 m 
genotype. There are three replicates tor each treatment (chemical and rate), however replicates ^ and #3 do not 



18 



EP0 965 265 A2 



include the mutant wheat selection FS3 due to lack of sufficient bulked eeed. The plots are three meters long and 1.5 
meters wide (7 rows with 7 inch spacing between rows) with approximately 25 seed planted per row. There is a one 
meter space between wheat lines and ten meters between replicates. 
[0094] The treatments include the following: 

Untreated Controls 

[0095] 



PURSUIT^: 


100 and 200 


g/ha 


Compound 2: 


50 and 100 


g/ha 


Compound 8: 


100 and 200 


g/ha 



[0096] Compound 8 is 5-formyl-2-(4-isopropyl-4-methyl-5-oxo-2-imidazolin-2-yl)-nicotinic acid. 5-(dlmethyl acetal). 
and is descrbed in put>iished European Patent Application Number 322,616. 
20 [0097] Treatments are applied at a rate of 400 L/ha with a tractor mounted sprayer. Tween 20^ is used as a surlactant 
at 0.25% v/v. Wheat is treated at the Z22 stage or approximately 6 inches tall. Plant height and damage ratings are 
taken at 3 and 6 weeks after treatment Yields are taken 10 weeks after treatment 

[0098] , Three weeks after treatment the resistant wheat selections appear to be unaffected by these herbicide treat- 
ments as measured by plant height (Figure 27). No obvious visible effects of the hertxdde treatments on the resistant 
2S selections are obsen/ed. These selections when untreated are slightly shorter than untreated Fidel. The 6usceptft)le 
cuttivar (Fidel) Is severely stunted by these same treatments. 

[0099] The plant heights of the resistant wheat selections are st II unaffected by hertnckJe treatment at six weeks after 
treatment (Figure 28). Fidel is severely stunted or killed by the hertxcide treatments while the resistant selections are 
apparently unaffected by the treatments. The final plant heights of the untreated selections are nearly equal to the 
30 height of untreated Fidel, even though at three weeks after treatnDent the untreated selectkms are shorter than 
untreated Rdel. The resistant wheat selections appear to grow at a somewhat slower rate than unsprayed Fidel, pre- 
sumably due to deleterious recessive mutations. These recessive mutations are removed by backcrossing using tech- 
niques available to those sKitled In the art 

[01 00] FS1 . FS2, and FS4 exhibit no yield reductions following postemergent treatment with any of the herbicide treat- 
35 ments. In contrast Fidel has a 35% yield reduction when treated with PURSUrP' at 100 g/ha and a greater than 75% 
yield reduction with the other herbicide treatments. The untreated Fidel yiekjs significantly more than FS1 or FS4 (133 
g/plot versus 40 g/plot and 76 g^lot, respectively). The mean yield lor FS2 (98 g^ot) is also less than unsprayed Fidel, 
but not significantly less at (en weeks after treatment (Figure 29). The lower yields of the selections are not unexpected; 
the mutants exhibit less vigor arxJ weaker starxJ estat)ii8hmerTt than Rdel, presumably due to the presence of deleteri- 
40 ous genes caused by the nuitagenesis procedure but unrelated to the imidazolinone resistance trait It somewhat sur- 
prising that FS1. FS2. and FS4 display such wide differences in yield considering that all three are very likely derived 
from the same mutational event The selections appear to be fully resistant to the herblckJe treatments tested with 
respect to both plant height and grain yield. 

45 2. FigKI Trial II 

[0101] A second field study is planted to evaluate the tolerance of the inn'dazotinone resistant wheat selections. FS4, 
to postemergent applications of the imidazolinone hert)icide6 PURSUIT^, CADRE^, Compound 2, arxi Compound 8, 
and the sulfonylurea herbicide. ACCENT^. CAORE^ is a registered trademark of American Cyanamid Company. 
50 CADRE™ is 2-(4-isopropyl-4-methyl-5-oxo-2-imida2oBn-2-yO-5-methylnicotinic acid and is desaibed in U.S. Patent 
Number 4,798,619. ACCENT^ is a registered trademark of E.I. du Pont de Nemours and Company and is 1-(4,6- 
dimethoxypyriniidin-2-yl)-3-(3Klimethylcart>anx^2-pyridylsutfo^^ The variety Fidel is included as a susceptible 
check. 

[0102] M5 seeds from the highest yielding FS4 lines in the Reki Trial I nursery are bulked and used in this fieki trial 
55 along with seed from Fidel. The trial is planted in an incomplete split plot design with the main ptot representing hertri- 
cide treatment and the split plot representing genotypes. There are eleven treatments with three replicates for each 
treatment (chemical and rate). The plots are three nr^eters lortg and 1.5 meters wkje (7 rows with 7 Inch spacing 
between rows) with a seeding density of approximately 100 seeds/m^ . There is a 0.5 meter space between wheat lines 
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and three metere between repOcatee. 
[0103] The treatments include the following: 

Untreated Controls 

[0104] 



Imidazollnones: 


PURSUIT^: 


100 and 200 


g/ha 


Compound 2: 


50 and 100 


g/ha 


Compound 8: 


100 and 200 


g/ha 


CADRE««: 


50 and 100 


g/ha 


Sulfonylurea: 


ACCENT^: 


20 and 40 


g/ha 



[0105] Treatments are applied at a rate of 200 Uha with a bad^ack sprayer. X-77™. a non-Ionic surfactant (Balent 
Corporation), is used as the wetting agent at 0.25% v/v. Wheat is treated at the Z27-Z28 stage when the plants are 
approximately 30-35 cm tall. Plant height and damage ratings are taken at 1 . 2. 3 and 6 weeks after treatment Yields 
are taken 10 weete after treatment. 

[0106] After three weeks. Fidel growth is severely Inhibited by all herbtekJe treatments. TTie resistant selection FS4 
exhibits tolerance to all the imidazolinones tested; however, no cross resistance to the sulfonybirea herbicide 
(ACCENTpM) is observed. Figure 30 shows measurements taken at six weeks after treatment, indicating that there is no 
effect of postenr)ergent treatment with PURSUIT^. CAORE^, Compound 2.a Compound 8 on final plant height The 
resistant wheat has little or no tolerance to ACCENT^. The conparable susceptible variety is severely stunted or killed 
at these herbicide rates. Grain yiekfs presented as the means across three replications are presented in Rgure 31. 
Grain yield of the resistant wheat selection FS4 is not reduced by any of the imidazolinone treatments. Yields of Fidel 
are se^rely reduced or eliminated by treatment with imidazolinone herbicide& Both the resistant and susceptitjie Fidel 
give Gttle or no grain yieki following treatment with ACCENT^. The effects on grain yield resulting from treatment of 
Fidel with Imidazollnones are even more severe than the reductions in plant height described above. 
[0107] The resistant wheat used to plant this field trial is obtained by bulking several seed Increase plots harvested in 
Fiekj Trial I. Each Increase plot is derived from a single plarrt Even though no backcrossing to Fidel is done with this 
material, seed sources with poor g6miinatk>n and agronomic performance are able to be eliminated. As a result grain 
yields of the resistant selectior^ are much improved as corrpared to those measured in RekJ Tt-lat I. The ytekJs otitained 
for resistant wheat in untreated control plots are equal to those obtained for susceptible Fidel In untreated plots. This 
indicates that the inclusk)n of a gene for Imidazolinone-resistance has no inherent effect on grain yield. 

EXAMPLES 

Enzyme Studies 

1. Initial Assay (M3 Plants) 

[0108] Hert)icide Application: M3 plants from the four initial mutanfplants (FS1. FS2. FS3 and FS4). are tested for 
metabolic AHAS (acetohydroxyacid synthase) activity. Plants exftibiting resistance after the first seed soak and spray 
screen with PURSUIT^ are transferred from flats to individual pots. When these plants are three weeks okJ, two plants 
Of each mutant selection. FS1 -FS4. receive a second applicatk>n of PURSUIT^ at 62.5 g/ha while two of each selectton 
are left unsprayed. Sprayed and unsprayed susceptible Fidet plants are also irx:luded in this experiment Approximately 
haK the foliage at)Ove the soil line of each plant is removed and assayed two days after the herbicMe application for inhi- 
bition of AHAS by valine and leucine (as a control). SCEPTER™*. PURSUIT^. OUST™, and a sulfonylcarboxanrtide her- 
bicide. Compound 9. Compound 9 is 2-acetamkio-2,3-dimethyl-N-(Q-tolylsutfonyf)butyramide. and is deserved in U.S. 
Patent Number 4,883.914. 

[0109] In unsprayed plants, weak resistance to PURSUPP' is seen In the resistant wheat lines, htowever. a dramatic 
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increase in the AHAS reeietance to PURSUrn^ ie eeen in the sprayed FSl -FS4 plants as conrrpared to the sprayed witd 
type. Figures 32-35 demonstrate these results for one of the four resistant selectbns (FSl) and for wild-type (si^ep- 
tibJe) Frdel plants. Therefore, resistance of FSl - FS4 to PURSUIT^ appears to be due to the presence of an altered 
AHAS which is resistant to inhibition by PURSUIP^. 

[0110] Enzyme Extraction: For the extraction of AHAS, 10 grams of tissue are powered in Itqutd nitrogen and then 
honx)genized in 100 mM potassium pho^hate buffer (pH 7.5) containing 10 pyruvate, 5 rvM MgCl2. 5 uM EDTA. 
100 uM FAD. 1 oM valine, 1 mM leucine, 10% glycerd. and 10 mM cysteine. The honxogenato is fitter(sd through a 
nylon doth (53 uM mesh) and centrifuged at 25.000g for 20 minute. The supernatant fraction is brought to 50% satu- 
ration with respect to (NH4)2S04 and allGt»/6d to stand for 20-30 minutes onlce. It is th^ centrifuged at 25,000g for 20 
minutes and the supernatant is discarded. The ammonium sulfate pellet is dissolved in 50 mM potassium pho^shato 
buffer (pH 7.5} containing 1 mM EDTA and 100 mM NaCI and ised for the assay procedures. 
[Oil I ] AHAS Assay: AHAS activity is measured by estimation d the product, acetolactate. after conversion by decar- 
boxylation in the presence of actd to acetoin. Standard reaction mixtures contain the enzyme in 50 wM potassium phos- 
phate buffer (pH 7.0) containing 100 wM sodimfi pyruvate. 10 rxM MgClg. 1 mM thianune pyrophosphate, and 10 uM 
FAD. This mixture is incubated at ZTC tor one hour after vvhich time the reactbn s stopped the addition of H2SO4 
to make a final concentration of 0.85% H2SO4 in the tube. The reaction product is aWc^ed to decart)oxylate at 60*^0 for 
15 minutes. The acetoin formed is determined by incubating with creatine (0.17%) and 1-napthol (1.7% in 4N SSIaOH) 
by the method of Westerfield (Westerfield. W. W., J. Biol. Ch&r\.. 161. 495-502 (1945)). Maximum color is cbservssd by 
incubation at 60^C for 15 minutes and then further incubatbn at room temperature for 15 minute. The absorption of 
color complex is measured at ^0 nm. Appropriate checks of direct acetoin formation during the enzyme as^y are 
made. Each assay is run at least in duplicate and the experiments are r^eated a mininrtum of tm> tim^ 

2 Enzyme Assay I (Mj^ Plants) 

[01 1 2] Herbicide Application: Two flats are planted with approximately 1 00 seec^ of ^ch wheat selection (FSl . FS2, 
and FS4) and Fid^ in sterile Metro Mix 350. Ten days later, each flat is ^yed postemergence with ^.5 ©/ha oJ PUR- 
SUIT^. The ^ray delivery rate is 400 Uha with a beft speed of 8.2 sec/rev using nozzle ^6501 5E. Tween 20™ is ussd 
as a surfactant at 0.25% vA/. The plants are harvested three days later and assayed for AHAS activity. 
[01 1 3] Enzyme Extraction and AHAS Assay: ^ previoisly described. 

3. Enzyme Assay II ( M 4 Plants) 

[01 1 4] Herbicide Application: As described above (Enzyme Assay I) exc^ that the spray delivery rate Is 950 I/ha with 

a belt ^ed of 12.8 sec^rev using nozzle #4001 5£. 

[01 1 5] Enzyme Extraction and AHAS Assay: ^ previoi^ described. 

[01 1 6] The results from these two sets o? esperiments are very similar. AHAS activity from all four hontozygoi^ res^- 
ant nrtutant lines obtained from unsprayed plarrts shows mod&ate levels of resistance to PURSUrn^ as compared to 
the enzyme from the wild type control plants (RdeQ. However, a significantly higher level of re^stance to PURfStJFP" te 
observed In the enzynw from sel^cns whteh are grayed as compared to the enzyme from the grayed FhJel plants 
(Rgur^ 36-39). Some r^istance to SCEPTER™ and OUST™ is also observed, but the level of resistance is lower tten 
t?^ Cor PURSUrP". The spectrum and level of resistance to various herbicides is very similar in all the mutants which 
suggests ttmt all four nrtutants n^y be the result of a single mutational event. This conclusion is confirmed by genetic 
approaches d^cr&sd above. 

11 . A method of growing wf>eat characterized by 

(a) plar^ng a seed derived from r^istant wheat plants obtained by a method of screening for the selection of 
nrtutatiof^ which confer acetohydroxyactd synthase inhibting herbicide resistance to wheat wWch comprise 

(i) mutagenizing wheat seeds wi^ a chemical nuitagen selected from the group consisting of sodium 
azide. N-methyl-N-nitrosourea. N-ethyl-N-rtitiosourea. ^hyl methanesulfonate. hydroxytamine and hydra- 
zine. 

00 seeking the mutagenized seecte in an acetohydroxyacid synthase inhibiting herbickJe-oontaining sdu- 
ticn containing a particular class of acetohydroxyactd synthase inhibiting h^idde. 

(iii) planting the &>akGd seette tn sod and 

Ov) graying the soil containing said seeds with an acetohydroxyacid synthase inhibiting herbicide of tfie 
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same or different claee as that used in the eeed ec^k et^ orior to the emergence of eeedlir^e from the 
soil, such that the emergent wheat plants which are nomrBl in appearance are r^istant to the dass of ace- 
toh^ojcyacid synthase inhibiting herbicide used in the seed soak and/cn* spraying st^; and 

5 (b) treating the planted area d resistant wh^t with a herbictdal amount of an acetohydroxyactd syntfHse inhib- 

iting herbicide, wherein said amount of herbicide is an amount which oou^ not be applied for growing wheat in 
the absence of the herbicKte resistanco. 

2. The niethod of claim 1. wherein the acetohydroxyackj synthase InhS^ng hert)icide used in the seed soak st^ Is 
10 the same as that used in the seed spraying step. 

3. The method of claim 1. wherein the acetohydroxyactd synthase inhibiting herbickie used In the seed soak st^ is 
different from that used in the seed spraying st^. 

75 ^. The nrrsthod of daim 1. wherein the class of acetohydroxyactd synthase Inhibiting herbldde ts selected from ^e 
group consisting of the imidazolinones. the sutfanrtoylureas. the ajtfonylcart^onamcdes, the sulfortamid^ and the 
sulfcnyiureas. 

5. The method of daim 4, wherein the imidazolinone is selected from the group consisting of 2-(4-isoprof^-4-metf^- 
20 &<»(o-2-imidia20lin-2-yO-nictotinic add. 2-(4-isopro;^-4-methyl-5-axo-2-imcdazolin-2-yl)-3<]uinolinecarbo:ry^ 

acid, 5-ethyl-2-(4-isopropyi-4-methyi-5-oxo-2-imcda2oIin-2-yl)-nicotinic acid, 2-(4-©opropyl-4-methyl-5oao-2-imida- 
zoIin-2-yI)-5-(metho«ymethyl)-nicotinic acid, 5-forniyl*2*(4-teoprq:^-4-m^hyl-5-o»o-2Hmtda£olin-2-yO-^^ 
acid, 5-(dimethyi acetal), 3K^isoprcpyl-4-niethyl-5-oxo-2-imida2oJin*2*yO-2HTielhylao^ accd).2-{4HSoprcj^-4- 
methy*-5-oxo-2-imida20lin-2-yl)-5-methylnrcotinic add. and a mixture of methyl 6-(4-isopropyl-4methyl-3-ODto-2-imi- 
25 da2olin-2-yf)-rD-toli^te and methyl 2-{4-isopropyi-4-me^-5-OKO-2- 

6. An altered acetohydroxyadd synthase enzyme which is resistant to a class of acetohydroDcyactd synthase inhbiting 
herbicide, wherein said enzyme is produced in wheat grown by a method of screening for the selection of mutations 
which conf^ acetohydro)cyadd synthase inhibiting hertscide r^istance to wheat as defined in any one of dain^ 1 

30 to 5. 

7. A wheat plant or seed obtained by a method of screening for the selection of mutations which confer acetohydrojcy- 
accd synthase inhibiting herbidde resistance to wheat as defined in any one of dainrs 1 to 5. 

35 8. A wheat seed or plant having the herbidde resistance trait of the wh^t seed or plant of claim 7. 
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